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-no Prt I report demtrated that it was possible to impoert a high OWgre of
corrosion tahibitiom to organic solvent-based aircraft topcoats without oar-
lamely affecting their color by dissolving (not dispersing) therein small1
amustg of cosplexed bezaweleat chromium salts (references (a) to (f)) pro-
pared according to the authors' patented method (reform.e (g)). The report
ceesred by this investigation explores the chemcal mature of the complexes;
i.e., the aniostic speces* containing the hexvalent chromium, and th, prac-
ticality of using the complexes as paint additives at this time to solve
Fleet corrosion problem. We choose to designate the hezavalent chromium com-
plaes as "AN~eroms". regardless of worucycle source.

The work reported herein was conducted under AIITASI MD. ZF 61412001, ID
Vork Uait No. CC 312.

I IPI RI MI NT AL P RO0C IDU RI S

prprtio .. d Purification of l8-Crown-6 (zeforence Wh)

A three-ifter, three-meek flask equipped with mechanical stirrer, ref lux con-
doser, and addition funnel is charged with triethylene glycol (112.5 X,
0.75 =I*) and tetrahydrofuran (600 al). Stirring is commeaced and 602 I
solution (109 g of 85% MU in 70 al water) is poured in. The solutioni se.
but does not boil. After about 15 wim of stirring (whom the solatir-P darkems)
a solution of 3,6-dioza-1. 6-dichlcorooctone (140.3 g. 0.75 =Is) f a ID1 (100 all
is added in a stresm. After the addition is complete, the solut "e is heated
at ref lux and stirred vigorously for 18 hoars. The solution ir alloed to
cool and the bulk of the !!F is evaporated under reduced pressure. The re-
sulting thick brown slurry is diluted with 500 al dichloromthase and filtered.
Th. malts removed by filtration are washed with more dichloromthase to rmv
adsorbed crown, and the combined organic soluition is dr'.r. over MgS04,
evaporated to mininse volume (aspirator vacuum),* and tOhan distilled at high
vacuum. The distillation should he carried out at tu~e lowest possible
pressure; a typical fraction contains 60 S and is :ollocted over 100-1600C

at 0.2 Me ft.

To 50 g of crude 16-crown-6 (bp 125-1609C, 0,2 am) in a 250 a1 Irlemnyer
flask is added 125 al acetenitrile. The re~sulting slurry is heated on a hot
plate to effect solution. A magnetic stirring bar is added and the neck
equipped with a CaSO4 drying tube. The solution is stirred vigorously as it
is allowed to cool to amient temperature, and fine white crystals of
crow-actonitrile complex are deposited. The flask is finally cooled in an
ice-acetao bath to precipitate as much complex as possible, and the solid
than collected by rapid filtr'.uion. The hygroscopic crystals are trans-
ferred to a 500 al round-Wotm flask equipped with a magnetic stirring bar
and vacuum take-off. The saetonitrile is removed from the complex av high
vacuum (0.1 - 0.5 m) with gentle heating (t <L 400C) over two to three hours.
The pure, colorless crownu (20 -30 S, 40 - 601) crystallizes on standing and
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sbWWG 00 Leas aboe 0/0 - 265 ia the =ac spW-trO eOW a0 significant h~droxy.
vibration in the 350 Cme, region of the infrared. The puret cram bad
up 36.5 - 39.00 (lit. up 39 - 400) (rearmse (I)).!mo (60 Ma I CC4 ):
3.56pp (sinlet); ir (neat): 2675 (albane CE), 1450 mid 1350 (alkame CX),
ad 113 c.-1 (other link); ad spectrum: N and W1l at 264 ad 265, other
fragmets at n/3 - 69, 67, 59, 45. 44, 45, and 31. Sea figures I -nd 2 for
R ad M of con.

ftoeetion of the Potassium Clorocbromte of 18-Crown-4 (refmeece ()

A 0.7K solution of l6-crown-6 was prepared La matbyima chloride and 200 al
of It me placed La a S00 al separatory funnel. MOM, 500 al of an acidified
aquou solution of benevlent chromte was prepared as follows: 50 gns K2Cr04,
500 al uster sad %6So of 371 constant boiling MCI. A 200 131 portion of this
solution ma added to the sam spratory funnel. The funnel ma vigorously
dha~ cod the organic phace removed, dried over "S4, filtered, evaporated

to about 125 a1 and crystallized at -54C. The rodut is oraggo crystals
uhich decompsed ovr a to"g ran*e of temerature beginning at approximtely

glemental Analysis: Thor Pound

IC 32.84 32.92
2E 5.51 5.62
IUi 6.06 7."6

Further proof that the complex is as designated io Indicated by the data of
Table I %Whc abovs that the smazimm molar extinction coefficient values for
the complex an for the potassium chlorochromte salt per so are reasonably
close for the um saw lengths. Soo Figures 3 and 4 for IR and UT spectra
of complex.

Premarat ion of Potasum Cloyromte (Prepared according to Mellor)
(referene W.)

A 6 Molar RCI solution was prepared by dilating 85 gran of 361 MCI to 150 al
with water. To this was added 25 gran of potassium dtchromte while heatinag
and stirring. The solution was allowed to crystalline, undistumbod for three
days at room temperature and thea seaction filtered. The orane crystals were
dried under vacuum, See Figures 5 and 6 for Ill and UR spectra of compound.

1resaration of Potassium Cblorpgbhr~oit of Otbeamp-lS-ream-6

toe preparation ws very similar to the potassium cblorochromte of 16-crown-

6 above. The crystals were orange-yellow.

IC 44.90 44.33
%a 4.52 4.39
IUi 6.64 7.00

See Figure-7 for UT of complex.
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TABLE I

CoMPAR1SoU Of UV ARSORIOU DATA 1M TM POTASSIUM
CULcWItN COPLU O 18-CROWN-6 vs POTASSIUM CULOIOCMPi m SI

am= (1)

so x mx (1 '-CI) ax ( 1 n/ml-cu) (2)

363 0.6 2.71 1190

354 0.64 2.69 1180

283 0.91 3.86 1695

244 1.07 4.53 1990

SALT

m (l/too-cu)

363 1180

353 1160

282 1650

240 1780

NOTIS:

(1) Complex values are from Figure 4

(2) A molecular weight of 439 s assumed based on the complex,
(1-Crowm-6) (MCrO 3Cl). Since a concentration of 0.236 g/liter
vas prepared, this corresponds to a 5.37 x 10- 4 Molar solution.
These values were used for c in the Deer-Lambewt expression
A-c bc,;
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1. The 1S-crown-6 sad dibeaso-lS-crowm46 complex system when prepwred
according to reference (S) produced chlorocbromte. C0O3 C1 (referene (k))
as anionic partner to the complezed potassium catiou as illustrated in
Figure 1. Such hoea'elent chromium system choobese to designate as AMchrom.

2. The lS-crom-6 Ina synthesized according to reference (h) in toa overall
yield of 1511.

3. The lS-crouu-6 ANchrom wibited rapid deterioration at room temerature,
even under nitrogen, so that after a few weeks the clear AMKcrom hed changed
to adeep bros viscous mo. Presumabl7, the product to a polymer resembling

chloride, the best solvent for the AN~chromes. Moreover, games are produced
during the oxidation which could be a fire hasard if stored in large enough
quantity.

CO0N C LV 8S ONS5

1. The AMchrmms when prepared according to ref erence (S) consist of a
comlexted potassium cation with hblorochrmto, Cr03 C1-, as the anionic partner.

2. Iven thougb the ANchromes are effective corrsio ishiiting agents for
paint coatings, they have poor shelf lives and hoes are Impractical (and even
hazardous) for Fleet use at this tim.

RICONNENDAT 1018

L. it is recommned that this research be terminated on the basis that
further work for Increasing the sh~ld life of the AWchremss doe not appear
promising. Accordingly, this Is considered to be a final report on the
AINcrm research.
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